Background
Introduction
As a structure of the glenohumeral joint, the long head of biceps tendon (LHBT) originates from the glenoid labrum and the supraglenoid tubercle, runs in the bicipital groove, and exits via the intraarticular space [1] . The exact function of the LHBT in glenohumeral biomechanics is not clearly understood. Some researchers think that the LHBT has a role in humeral head depression and glenohumeral stabilization, whereas some others suggest that the tendon plays no role [2] [3] [4] [5] .
The LHBT lesion is a common cause of anterior shoulder pain with associated dysfunction of forward flexion [6, 7] . The tendon lesion may be affected by numerous pathologic factors that can be broadly classified as inflammation, subluxation and traumatic lesions [8] [9] [10] . Usually, conservative management is preferred, including activity modification, rest, nonsteroidal anti-inflammatory drugs, physical therapy, and steroid injection [9, [11] [12] [13] [14] . If symptoms treated conservatively persist for longer than 3 months, surgical inventions are often indicated [6, 9] . The surgical approach includes open and arthroscopic procedures [11] . Arthroscopic management has been recommended by an increasing number of surgeons [8, 15, 16] . The most common arthroscopic procedures for the treatment of LHBT lesions are tenotomy and tenodesis [11] .
Arthroscopic biceps tenotomy is an easy and well-tolerated procedure that decreases operative time, simplifies postoperative rehabilitation, and allows patients return to activity as soon as possible [13, 14, 17] . Nonetheless, the procedure has its drawbacks, including the possible deformity of the anatomic profile of the arm (Popeye sign), possible cramping and fatigue pain, and biomechanical changes to the effects of LHBT capability on the humeral head [7, [18] [19] [20] . As a result of the disadvantages associated with tenotomy, some surgeons advocate that tenodesis results in a better ability to return to activity, a decreased rate of cosmetic deformities and cramping pain, and a closer approximation of normal anatomy in spite of longer rehabilitation times and a more technically demanding surgery [18, [21] [22] [23] .
While both tenotomy or tenodesis can produce favorable results in LHBT lesions, no agreement has been reached regarding the superiority of either technique [24] . Numerous studies [1, 8, 10, 16, [25] [26] [27] have compared the outcomes of biceps tenotomy and the various tenodesis techniques in the treatment of LHB lesions, but the optimal surgical strategy remains controversial. Moreover, there has been no published meta-analysis comparing the two treatment procedures. Therefore, to determine which of the two methods can produce better clinical and functional outcomes, we performed this meta-analysis based on the relevant available online literature.
Materials and Methods

Search strategy
Two independent researchers reviewed the PubMed/MEDLINE and EMBASE databases for eligible clinical articles published between July 1967 and August 2014, utilizing the keywords "long head of biceps", "biceps tenotomy", and "biceps tenodesis". Relevant articles in reference lists of published articles were also searched. The search was performed in August 2014.
Inclusion and Exclusion criteria
All studies in our review were selected according to the following criteria: 1) patients diagnosed with LBHT lesions; 2) patients failed conservative treatment for more than 3 months; 3) comparison of the arthroscopic tenotomy and tenodesis; 4) patient outcomes of the two treatment techniques; and 5) more than a 1 year follow-up period available. In cases of missing data, or when mean or standard deviation (SD) values were not presented, the corresponding author(s) were contacted via e-mail for more relevant information, if necessary. Studies were excluded if 1) the studies were not published in English or were case reports or reviews; 2) studies were animal experiments or in vitro trials; 3) follow-up was less than 1 year; and 4) if the missing relevant information in the studies was difficult to acquire or if it was impossible to extrapolate or calculate the necessary data from the published results.
Data extraction and Methodological quality assessment
Two independent reviewers extracted all data from the full-text versions of eligible studies. The extracted information included 1) the first author, year of publication, country of author, study type and study duration; 2) the number and characteristics of subjects; 3) concomitant injuries; and 4) outcomes. Discrepancies were resolved by consensus first and then were eventually determined by a third reviewer. Once completed, all data were synthesized into an agreed-upon data extraction table and prepared for data analysis.
Study quality was independently assessed by two reviewers. The Physiotherapy Evidence Database (PEDro) scale [28] was used to evaluate the risk of bias for randomized controlled trials (RCT) evidence. The quality of each non-randomized study was assessed using the Newcastle-Ottawa (NO) quality assessment tool [29] . The NO scale is based on standard quality ratings as follows: 1) selection of study groups; 2) comparability of study groups; and 3) ascertainment of either the exposure (case control) or the outcome of interest (cohort study).
Outcome measurement
We defined the primary outcome measures in this review as functional scores and range of motion (ROM). The functional scores included University of California-Los Angeles (UCLA) Scores, Constant score, and visual analog score (VAS). ROM included forward flexion and external rotation. Secondary outcome measures under investigation included the incidence of Popeye sign and cramping pain, degree of patient satisfaction, and surgical time.
Statistical analysis
The data were pooled using Review Manager 5.2 software. Analysis of the treatment effect was performed when no substantial differences in study populations, interventions or outcome measurements were observed. For each study, we calculated a risk ratio (RR) with 95% confidence intervals (CIs) for dichotomous data and mean differences (MD) with 95% CIs for continuous data. Heterogeneity was tested using the chi-squared and I 2 statistics. Studies with an I 2 statistic of > 50% were considered to have substantial heterogeneity, and therefore, a random effects model analysis was used. Otherwise, a fixed-effect model was initially employed in the analysis. A P value lower than 0.05 or a 95% CI that did not contain unity was considered statistically significant. A Forest plot was utilized for the presentation of summarized outcomes. Publication bias was not examined due to the small number of studies (< 10) included in each analysis.
Results
Search results
The search of the online database yielded 1005 publications. We screened abstracts for those that compared tenotomy and tenodesis for LHBT lesions and identified 20 articles that met the inclusion criteria. Finally, seven articles [1, 8, 10, 16, [25] [26] [27] were included in this study based on the inclusion/exclusion criteria after full-text reviews. Three of the included studies were RCTs, and another 4 studies were cohort studies. The flow diagram of the study search process is presented in Fig. 1 . The general characteristics of the included studies are provided in Tables 1 and  2 . With respect to the concomitant injuries, rotator cuff repair, acromioplasty, and distal clavicle resection were performed, except in the study of Boileau et al [27] . The mean PEDro score of the 7 trials was 8.0 (SD = 0.82); the detailed results are summarized in Table 3 . Table 4 represents the quality of the four cohort studies, as determined using the NO scale. Both the studies of Rose et al [1] and Boileau et al [27] were of low quality. Because neither Rose et al [1] nor Boileau et al [27] included the patients based on age, gender and other factors, the poor comparability was displayed. Results of pooled analysis Table 5 presents the evaluation data which could be performed meta-analysis due to the lack of standard deviation. Finally, only Constant score in primary outcomes groups could be conducted meta-analysis. For the Constant score, one study [1] did not provide the standard deviation, so a meta-analysis could only be performed with five studies. Because significant heterogeneity was observed among the two groups (P = 0.02; I 2 = 65%), a random effect model was employed. The overall pooled results of five studies [8, 10, 16, 26, 27 ] revealed a significantly higher result for tenodesis as compared to tenotomy group (P = 0.02, Fig. 2 ). Due to lack of complete data, no meta-analysis could be performed for ROM. The evaluation of ROM was performed in three studies [16, 25, 27] . All of the three studies reported no statistical difference between the two treatments, with regarding to forward flexion, external rotation, and internal rotation. Fig. 3 shows the pooled analysis of secondary outcomes. Regarding postoperative complications, the incidence of cramp pain and the Popeye sign was significantly reduced in the tenodesis group compared to the tenotomy group (P = 0.04, Fig. 3A; and P < 0.001, Fig. 3B,  respectively) . Four studies reported the degree of patient satisfaction [8, 10, 16, 27] , which was similar in the two groups (P = 0.94, Fig. 3C ). Moreover, we also observed a significantly shorter Table 3 . RCTs quality ratings (determined using the PEDro critical appraisal score).
Franceschi [ surgical time in the tenotomy group (P < 0.001, Fig. 3D ) compared to the tenodesis group, with significant heterogeneity (P < 0.001, I 2 = 87%).
Subgroup analysis
Subgroup analysis according to the type of tenodesis was available for the incidence of Popeye sign ( Table 6 ). The type of tenodesis was divided into two subgroups (proximal groove tenodesis and soft tissue tenodesis). Both proximal groove tenodesis and soft tissue tenodesis could decrease the incidence of the Popeye sign, compared with the tenotomy procedure, but there was a moderate heterogeneity in proximal groove tenodesis subgroup (I 2 = 53%). Due to the potential relationship between chronic pathologies of the supraspinatus tendon and the LHBT described by Redondo-Alonso et al. [30] , we also performed subgroup analysis based on the status of rotator cuff. Six [8, 10, 16, [25] [26] [27] out of all the seven studies included the patients with rotator cuff tears and only one [1] included patients with isolated LHBT lesions. After metaanalysis, a statistically significant difference was found in patients with rotator cuff tears between the two treatments, with a moderate degree of heterogeneity.
Discussion
The most important finding of this systematic review and meta-analysis is that the patients with LHBT lesions undergoing the tenodesis procedure achieve higher functional scores, better Abbreviations: UCLA, University of California-Los Angeles; VAS, Visual Analog Score; Td, Tenodesis; Tt, Tenotomy; ROM, and lower incidence of cramp pain and Popeye sign than those managed with the tenotomy strategy. Furthermore, the arthroscopic tenotomy strategy requires a shorter surgical time and achieves similar levels of postoperative pain and patient satisfaction compared with arthroscopic tenodesis. However, these findings should be treated with caution because only 3 RCTs were reviewed in this meta-analysis. Lesions of the LHBT are often responsible for shoulder pain and dysfunction. The optimal treatment for these injuries remains debatable. Aiming to relieve pain and restore shoulder function, arthroscopic biceps tenotomy and tenodesis are two well-established surgical procedures [13, 18, 31] . A number of relevant studies show a reliable improvement in postoperative outcomes for patients with LHBT lesions treated with tenotomy, as well as with tenodesis. Although numerous studies have published biomechanical or clinical results comparing tenotomy and tenodesis strategies, few trials have definitively determined which one is superior. Therefore, we conducted this meta-analysis to systematically evaluate the clinical outcomes of treatment for LHBT lesions managed with biceps tenotomy versus tenodesis procedures.
In 2005, Walch et al. [20] reported the long-term clinical and radiological results in a group of 307 patients managed with biceps tenotomy. They found significant improvements in Constant scores, with 87% of patients satisfied by the surgical outcome after a mean of 57 months of follow-up. Elkousy et al. [32] presented good results for patients undergoing arthroscopic tenodesis in terms of pain relief, good function and lack of muscle deformity. None of the patients in that study reported the Popeye sign or cramp pain. Therefore, both tenotomy and tenodesis can effectively improve function in the affected arm. Both Osbahr et al. [33] and Edwards et al. [34] found no differences in outcomes between the 2 techniques. In a systematic review on LHBT lesions treated with tenotomy versus tenodesis, Frost et al. [17] reported no significant differences in subjective outcomes between the 2 procedures. However, Franceschi et al [35] found that patients undergoing tenotomy had significantly better results in shoulder function and higher satisfaction levels compared with those treated with tenodesis. The findings of our meta-analysis are not consistent with the results discussed above. However, our findings regarding functional outcomes should be interpreted with great caution, due to significant heterogeneity in the included studies. This might be because there was a lack of high-quality studies-this study only included three RCTs, the four included cohort studies were constrained by methodological deficiencies, and the period of follow-up in each included study varied. Nonetheless, data on patient satisfaction after meta-analysis showed no differences in our review. This may suggest that both procedures met the patients' expectations. Nonetheless, more RCTs using standardized functional scores are needed in the future. Regarding complications of the two procedures, the patients undergoing tenodesis rather than tenotomy tend to report lower incidences of cramp pain and Popeye sign. This is consistent with most reports in the literature. A systematic review of Slenker et al. [6] noted that a major difference between the 2 procedures was the increased occurrence of cosmetic deformity, or the Popeye sign, with tenotomy (42%) compared with tenodesis (8%). According to some studies, [13, 23, 25, 36, 37] , there is a risk of Popeye sign (17-70%) and cramping pain (9-24%) in the patients treated with tenotomy. The results suggest that the tenodesis procedure should be widely applied to reduce complications. However, a web-based survey of 1,084 orthopedic surgeons found that most surgeons would choose tenotomy to treat a 65-year-old male who was diagnosed large rotator cuff tears and combined LHBT instability [38] . Because various limitations exist in both tenotomy and tenodesis procedures, the optimal treatment should be based on the severity of the disease and the physical conditions of the patients.
There are several limitations to this systematic review and meta-analysis. The strength of this meta-analysis is limited by a lack of high-level evidence on the comparison between tenotomy and tenodesis strategies. Four of the included studies were cohort studies, and the two assessed by the NO scale were of poor quality. Second, the sample sizes of the included studies were relatively small. Additionally, clinical heterogeneity may have been caused by the various indications for surgery and differences in surgical skill levels among the surgeons. Finally, the lack of a standard outcome measure by which to evaluate the postoperative clinical results may be responsible for the lack of convincing evidence.
Conclusions
In this meta-analysis, better subjective outcomes and a lower incidence of cramp pain and the Popeye sign were observed in patients whose LHBT lesions were managed with the tenodesis procedure, whereas the arthroscopic tenotomy strategy was technically simpler and faster and had a similar degree of postoperative satisfaction. Due to the limited number and inherent methodological deficiencies of the available studies, future analysis of better-designed studies involving larger sample sizes will be required.
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